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Introduction

Biomass is living or recently dead biological material that can be used as fuel.
If biomass can be efficiently converted into high energy density fuel, it could
become a renewable source of fuel and could replace some fuels derived
from petroleum. According to a joint USDA/DOE study in 2006, over one
billion tons of biomass can be produced annually in the US without affecting
food, feed or fiber uses. In biomass, long polymers of sugars, such as glucose
and arabinose, can be converted into a hydrocarbon, which can be burned as
fuel. The first step of this conversion (Figure 1) is to break down the polymer
Into its sugar monomers. These sugars must be extended into a longer chain
molecule and finally deoxygenated and hydrogenated to yield a hydrocarbon
which can be burned identically to a petroleum derived hydrocarbon.

This project focuses on the carbon chain extension reactions of biomass
derived sugars using water-based organometallic catalysis. High energy
density fuels are between eight and fifteen carbons in length whereas
biomass sugars are only five or six carbons. The carbon chain of these sugars
must be extended in order for them to be burned as fuel. Additionally, our
main goal is produce these molecules in an environmentally friendly reaction
and to obtain commercially viable yields. Therefore, this project will focus on
using an environmentally friendly solvent (i.e. water) and a low reaction
temperature (> 100°C) to produce high yields of extended carbon chain
molecules. The starting materials for these reactions are glucose and 5-
hydroxymethylfurfural (HMF), a direct derivative of glucose. These molecules
will undergo an aldol reaction using an organometallic catalyst to produce a
molecule between nine and fifteen carbons in length. The starting materials
and catalysts will be varied in order to determine which reactions produce the
highest yields at the mildest reaction conditions. Ultimately, we would like to
determine if any of these reactions could be used in a commercial process to
covert biomass into high energy density fuel.

% 2
H OH o . 4y /5@0
Lo & V6,2
"oH : ﬁS}e’ //)> .
H OH < (o
H OH
Glucose \
cellulose- Carbon Chain Deoxygenation High Energy Density
derived Extension - Lewis Acid-Catalyzed ’ Cg-Cy5 Fuels
il At Dehydration
olvols - Green Polyol Oxidation
PR - Aldol Organocatalysis - Base Metal Complex
Hydrogenation Catalysis
HO_ - /
(S O\"I?-\.,'\.,'\,OH
HO
Arabinose
Reactor
Design

Figure 1. Process for converting biomass into high energy density fuel. This

project focused on the carbon chain extension step of this process.
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Figure 2. Five different solvent systems were evaluated in order to determine
the catalyst’s solubility. The catalyst is only soluble in aqueous systems.
Reaction conditions: 10 mol% catalyst*, 3.0 eqv acetone, 1.0 mL solvent /
mmol HMF, RT, 16 hrs.

* The catalyst can not be defined at this time due to intellectual property rights.
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Aldol Reaction (continued)
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Figure 3. Aldol reaction between HMF and acetone in water. This
reaction produces two products, the monomer (C9) and the dimer
(C15) product. The yield of this reaction was moderate so the
conditions were optimized to get a better yield. Reaction conditions:
10 mol% catalyst, 1.0 eqv acetone, 0.5 mL H,0 / mmol HMF, RT,
48 hrs.

y I\ on 0 Catalyst x / o\ OH
0 ! — o
0O
HMF Acetone C9 product
Total Yield: m R
1.0 eqv acetone =2 57% o ! e
0.5 eqv acetone > 85% OH OH
C15 Product

Figure 4. Aldol reaction between HMF and acetone gives a C9
and C15 product. A higher total yield was achieved using 0.5 eqv
of acetone. Reaction conditions: 10 mol% catalyst, 0.5 mL Bicine
buffer / mmol HMF, RT, 48hrs.
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Figure 5. Microwave aldol reactions using HMF and acetone or
hydroxyacetone. The reactions with acetone are at higher
temperatures, have shorter reaction times, and lower yields versus
the previous aldol reactions (Figure 2). Under these conditions,
hydroxyacetone doesn't react with HMF.
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Figure 6. Carbon chain extension reaction using glucose and three catalysts, the yields were high. Reaction conditions: 10 mol%
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Figure 11. As general periodic trends, atomic radius decreases from left to
right in a period and increases from top to bottom in a column.

Figure 7. Carbon chain extension reaction using glucose and
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Figure 8. This reaction is the same as the previous CeCl, * 7 H,0 reaction Conclusion
except for the reaction temperature which was lowered to 50° C. Reaction
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Figure 9. Microwave reactions using glucose and various ketones. Even
with the elevated reaction temperatures (as compared to the previous
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